Synthesis and characterization of N-(2,4-diphosphobenzyl)-1-amino-5-naphthalenesulfonic acid, a new fluorescent analogue of diphosphoglyceric acid.
The synthesis of N-(2,4-diphosphobenzyl)-1-amino-5-naphthalenesulfonic acid (DIPANS) is described. It entails the synthesis of 2,4-diphosphobenzaldehyde from the action of POCl3 on 2,4-dihydroxybenzaldehyde. This is followed by coupling of the 2,4-diphosphobenzaldehyde to 1-amino-5-naphthalenesulfonic acid. Subsequent reduction with NaBH4 yields the desired product. The DIPANS exhibits an excitation maximum at 337 nm and a fluorescence emission maximum at 504 nm. This dye is quantitatively displaced by inositol hexaphosphate and is an effective analogus of diphosphoglyceric acid (DPG), possessing a KD at pH 7.0 in 0.05 M [bis(2-hydroxyethyl)amino]tris(hydroxymethyl)methane (bis-Tris) plus 0.1 M chloride of 6.88 microgram, with 1.0 molecule bound/hemoglobin tetramer. Like DPG its binding to deoxyhemoglobin decreases with increasing pH; in the presence of 0.1 M chloride it binds 0.031 times as tightly to CO hemoglobin and it yields a value for free energy coupling of 2.0 kcal/mol. The presence of 1 mM DIPANS decreases the affinity of hemoglobin for oxygen in the absence of salt from p1/2 of 0.8 mm Hg to 12.4 mm Hg. Using DPG as a competitor of DIPANS binding, a dissociation constant of 11.4 micrometer was calculated for DPG binding to deoxy-Hb at pH 7.0 in the presence of 0.05 M bis-Tris and 0.1 M chloride.